Left ventricular (LV) diverticuli are considered to be a rare congenital disorder. The prevalence of congenital ventricular diverticuli was reported to be 0.4% in an autopsy series of patients who had died as a result of cardiac disease and only 0.26% in a general population referred for cardiac catheterisation (1) . Less than 100 cases have been reported in the English literature (2) .
Computed tomography cardiac angiography (CTCA) has emerged as a robust and accurate tool for the non-invasive evaluation of coronary artery disease (3, 4) . CTCA further provides important new noninvasive insights into subtle details of cardiac morphology. A rather unexplored area is that of variants of the left ventricle. The goal of this study is to determine the prevalence, imaging characteristics and anatomic locations of LV diverticuli on dual source (DS) CTCA (Definition, Siemens Medical Solutions). The potential clinical relevance of the presence of these structures is discussed.
Materials and methods
ECG-gated cardiac CT imaging was performed in 542 consecutive patients for a period of 14 months and was retrospectively reviewed. All imaging was performed with a dual source CT (Definition, Siemens Medical Solutions) (330 milliseconds gantry rotation time, 83 ms temporal Because diverticuli can be compressed during the systolic phase, search for LV diverticuli was done on diastolic images. Multiplanar reconstructions as well as maximum intensity projections were generated. Diverticuli were differentiated from trabeculations using following criterion: if involvement was less than half of the myocardial thickness on diastolic images, it was considered a trabeculation (5) (Fig. 1) . Two investigators reviewed the images retrospectively via a consensus reading.
Presence and size of LV diverticuli were recorded. The prevalence of LV diverticuli was calculated. They were measured in mediolateral length, anteropostior width and craniocaudal height. Ostium caliber of these diverticuli was also measured. resolution). Image acquisition was performed during a single breath hold. Imaging parameters included a slice collimation of 64 x 0.75 mm, a tube voltage of 100-120 kV and an effective tube current of 750-850 mAs. Patients were included in the study if intravenous contrast had been administered. Injection consisted of 80-110 ml of non-ionic contrast material (Iomeron 400, Bracco), administered at a rate of 5.0 mL/s by a power injector. Depending on heart rate, patients were scanned prospectively or retrospectively. The purpose of this retrospective study is to describe the prevalence, size and location of left ventricular (LV) diverticulum-diverticuli on cardiac dual source CT. Dual source computed tomography cardiac angiography (DS CTCA) was performed in 482 patients. Where literature states their rare occurrence, this retrospective study demonstrates the fairly common finding of incidental LV diverticulum on DS CTCA examinations. LV diverticuli were found incidentally in 20 out of 482 patients (4.1%), a substantially higher incidence than previously reported. Although diverticuli were most common along the inferoseptal wall (45%) they also occurred in all parts of the left ventricular wall. Multiple diverticuli were found in 30% of patients. Dimensions of the LV diverticuli varied enormously. LV diverticuli are reported to be frequently associated with other congenital anomalies. Complications ranging from sudden death and heart failure to embolic events have been described in literature. No relevant associated anomaly or complication was present in the studied 20 patients. Our data support the hypothesis that LV diverticuli, incidentally found in adulthood, follow a benign course and can be managed conservatively. More knowledge is however required to understand history and prognosis about this condition.
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From: 1. Department of Radiology, 2. Department of Cardiology, Bonheiden Imelda Hospital, Bonheiden, Belgium. The examinations were evaluated for presence of any other cardiac congenital abnormality including left atrial accessory appendages, atrial septum defect, ventricular septum defect. They were also evaluated for presence of any acquired cardiac abnormality including coronary artery disease, aneurysm of the ascending aorta, pericardial disease. Most frequent location of these LV diverticuli is the inferoseptal part of the LV wall (9 out of 20 (45%)), but they occur in any location. Fig. 2 demonstrates a mid anteroseptal located LV diverticulum.
Results

During the period from
Multiple diverticuli were present in 6 out of 20 patients (30%). 5 patients presented with 2 diverticuli and 1 patient presented with 3 diverticuli. When multiple diverticuli were found, they were grouped together except in 1 patient. Fig. 3 shows 2 diverticuli in 1 patient, located in the basal inferoseptal part.
1 patient presented with obstructive atherosclerotic coronary pathology; no significant coronary pathology was found in the other patients. 1 patient was known with chronic recurrent auto-immune pericarditis. 8 patients (40%) presented with left atrial accessory appendages. None of the patients presented with associated atrial or ventricular septal defect. None of the arteries was required. 60 patients presented with high calcium score levels (Agatston score of > 800). No contrast was administered in these patients because too many beam hardening artefacts could be expected to evaluate the coronary arteries. Since evaluation of LV diverticuli requires contrast administration, these patients were excluded from this study.
20 patients out of 482 (4.1%) were found to have LV diverticuli. Table I summarizes the clinical and imaging characteristics of these patients. 19 out of these 20 patients were imaged for evaluation of the coronary arteries. One patient was imaged prior to PAVI procedure.
The diverticuli ranged from 0.5 to 1.4 cm in maximum dimension. Ostia of the diverticuli ranged from smaller than 0.2 cm to 1.2 cm.
The patient group consisted of 12 women and 8 men between the ages of 34 and 86. 
Discussion
The purpose of this study was to assess the prevalence, size and location of left ventricular diverticula as incidentally observed with DS CTCA. Literature consists predominantly of a modest number of case reports and clinical series. No typical or pathognomonic ECG changes are known, and specific laboratory tests for the diagnosis are not available. They are usually found incidentally during diagnostic imaging procedures performed for other reasons. LV diverticulum or diverticuli are considered to be rare (1). They have been described as a rare malformation that can occur isolated or in association with other congenital abnormalities such's as Ebstein's anomaly, hypertrophic cardiomyopathie, Cantrell's syndrome (6) (7) (8) . Apical diverticuli are reported to be frequently (more than 70%) associated with congenital abnormalities (9,10), but none of the 4 patients with apical diverticuli reported in this study revealed this association. None of our reported patients presented with a relevant cardiac abnormality. 8 out of the 20 patients (40%) presented with a non-significant left atrial accessory appendage.
Diverticuli can either be secondary to intrinsic abnormalities in shows that diverticuli can appear in any location of the LV wall. We describe the anteroseptal location of a LV diverticulum in 6 patients which is, to our knowledge, never published in literature before.
Overall dimensions (from smaller than 2 mm to 1.4 cm) and dimensions of the ostia of the studied diverticuli vary enormously. The sizes of ventricular diverticula described in the literature range from as small as 0.5 cm in diameter to as large as 8-9 cm (12).
Several complications have been reported in asscociation with a ventricular diverticulum. Pitol et al. reported a case of a patient with new onset of arrhythmia due to a LV diverticulum at the age of 56 (14) . Handler et al. reported a 25-year-old male with heart failure and a LV diverticulum on MRI (15). Bernasconi et al. reported a case of prenatal rupture (16) . Bell and Ehmke reported a child with fatal cerebral embolisation (17) . Too few cases have been described to find a relation between location and symptomatology. It is generally accepted that larger diverticuli are more prone to be symptomatic (18) .
The management of this condition remains unclear and is primary affected by symptoms and associated malformations. Based on the possible reported complications some authors recommend aggressive surgical treatment (19) . Others suggest that the clinical course may be benign and recommend a more embryogenenis or acquired in utero, e.g. viral infections or vascular accidents (11) . Congenital ventricular diverticuli should be differentiated from other causes of acquired ventricular aneurysms such as those after myocardial infarction, myocardial inflammatory disease such as sarcoidosis or myocarditis, infectious endocarditis or trauma (12) . Differential diagnosis with acquired ventricular aneurysms can not be made with certainty based on imaging alone. Often the distinction can only be made with knowledge of cardiac history. According to pathology findings (13) , congenital diverticuli can be classified in two types: fibrous or muscular. In our study, we didn't classify the diverticula. Any localized protrusion of the ventricular lumen, with a depth more than half of the muscular wall on diastolic images, was considered to be a diverticulum as done in a similar study by Srichai et al. (5) .
Srichai et al. studied the prevalence of LV diverticuli in a cardiac CT population (2.2%, 15 out of 675 patients). The substantially higher prevalence in our study (4.1%) can be explained by better temporal resolution in DS CTCA as only a small percentage of patients were scanned with this technique in the Srichai's study (16.7%, 113 out of 675).
Most common location of diverticuli in our study is the inferoseptal part of the LV (45% of patients (9 out of 20)). This finding corresponds to the literature (5). Our study further conservative approach (20) . All diverticuli described in this study were incidental findings and could not be related to symptomatology. They were managed conservatively with clinical follow-up. It is clear that more knowledge is required to decide upon adequate therapy. Mode of treatment has to be individually tailored and depends on clinical presentation, accompanying abnormalities and possible complications.
Our study has some limitations. Pathology was not available to confirm the diagnosis. Because it was a retrospective study in an almost exclusive coronary setting (just 1 out of 20 patients with LV diverticuli was scanned for pre PAVI procedure), the results can only be related to this group and not to the general population. The potential association with other cardiac and non cardiac abnormalities is not sufficiently assessed and needs to be investigated in future studies. Male to female ratio is 1 to 1.5 in our study but too few patients are included in this study to make any conclusions.
In conclusion, DS CTCA represents a unique tool to assess subtle anatomic cardiac variants. Our data show that left ventricle diverticuli can be incidentally found in more than one twenty-fifth of subjects undergoing DS CTCA. They further support the hypothesis that LV diverticuli, incidentally found in adulthood, follow a benign course. More knowledge is however required to understand prognosis about this condition.
